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Objective: To examine the distribution of integrons in genotypically unrelated worldwide multiresistant clinical isolates 
of Acinetobacter spp. 
Methods: The presence and genetic location of class 1, 2 and 3 integrons were examined in a genotypically 
heterogeneous collection of 25 nosocomial isolates of Acinetobacter spp., from 15 locations in 11 different countries 
worldwide, by hybridization and PCR-based methods. Class 1 integron structures were characterized genetically by a 
PCR mapping technique. 
Results: Class 1 integrons were detected in 17 of the 25 Acinetobacterisolates examined. Only one isolate contained a 
class 2 integron. No class 3 integrons were detected. The integrons varied in size and in the number of inserted cassettes, 
but similar integrons were found in genotypically distinct isolates from different locations worldwide. These structures 
were integrated into the chromosome in all isolates where they were detected, although some integrons were capable 
of subsequent transfer or mobilization. Genes coding for aminoglycoside-modifying enzymes formed the predominant 
cassettes identified within the integrons. 
Conclusions: Clinical isolates of Acinetobacter spp. from diverse locations seem to share resistance mechanisms 
acquired from other genera by a variety of mechanisms, including dissemination of integrons. Once integrons are 
incorporated into the bacterial genome, Acinetobacterspp. are potentially able to act as a reservoir of resistance genes 
for other species and genera. 
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INTRODUCTION 
The term ‘integron’ was first proposed for conserved 
genetic elements which encode a site-specific recomb- 
ination system enabling the insertion, deletion and 
rearrangement of discrete genetic cassettes within the 
integron structure [l]. Since that time, much has been 
discovered with regard to integron structures, and they 
are currently defined by the presence of two conserved 
segments between which gene cassettes are integrated 
at a recombination site, a t t l ,  with the 5’ conserved 
segments also containing a promoter, Pant, and a gene 
encoding for an integrase. More than 40 gene cassettes 
have been identified, most of which comprise anti- 
biotic resistance genes [2], with mobility conferred by 
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the presence of a 59-bp element located 3’ to the gene 
itself [3,4]. The genetic cassettes cannot move indepen- 
dently, but are mobilized by the site-specific integrase 
which recognizes the 59-bp element of the cassettes 
and the att 2 receptor site of the integron. Further genes 
may be inserted into the integron at composite sites 
generated by the first gene insertion event. All genes 
are found inserted in the same orientation, with the 5’ 
end of the gene closest to the 5’ conserved sequence of 
the integron. Deletion and rearrangement of cassettes 
within the integron has also been demonstrated [5], and 
it has been proposed that these structures may play a 
key role in the dissemination and formation of new 
combinations of antibiotic resistance genes [2]. 
Three classes of integron, distinguished by the 
sequences of their int genes, have been described. Class 
1 integrons [1,6] have diverse internal structures and 
have been found in many genetic locations, including 
plasmids R46, R388 and R751 [7] and transposons 
Tn2 1 and Tn 1696 [8]. This is the most common class 
of integron to be found in clinical isolates. The 3’ 
conserved sequence contains the sulfonamide resistance 
gene rull and two open reading frames, ORF5 (function 
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unknown) and ORF4 (a defective version of the qacE 
gene conferring resistance to quaternary ammonium 
compounds, named qacEAZ) [7]. While the 5' con- 
served sequence-containing Pant, the att 1 site and the 
intIZ gene-is identical in a.U class 1 integrons, the 3' 
conserved sequence extends for different distances 
beyond the sull gene. 
Class 2 integrons are fbund in T n 7  and closely 
related derivatives. They haw not been fully character- 
ized, but it has been shown chat they are made up of a 
5' conserved segment contining a pseudo-integrase 
gene (intl2) and an adjacent variable region containing 
two or more integrated gene cassettes encoding resis- 
tance to trimethoprim ( d h j f a  or dhfvl), streptothricin 
(sat) and streptomycin (arzt(3 ")-Ia). The integrase gene, 
intl2, is 40% identical to in t l l  [91. 
Only one class 3 integron! has been reported [lo, 1 11. 
It contains a metallo-P-lactamase gene (blaIhfp) and an 
atypical 67-bp element. The new intl3 gene, located 5' 
to the blaIhp cassette, is 61% identical to that of the class 
1 integrase. Full characterization has not yet been 
accomplished, but three gene cassettes were found in 
the variable region. 
Integrons and their associated gene cassettes have 
been found in many Gram-negative bacteria, including 
a few strains of Acinetobacter spp. [12,13]. Vila et al. 
found TnZZ-type class 1 integrons in all four strains of 
A. haurnnnnii studied, but none in A. ho#i [12]. Pre- 
liminary sequencing showed that each had an ant gene 
plus a gene coding for an O m - t y p e  p-lactamase. 
Young et a1 used highly specific oligonucleotide 
primers complementary to N-terminal sequences of 
the drtfrla and T n 7  int genes to amplift. 700-bp and 
2.5-kb regions and found that active rearrangement of 
cassettes within class 2 integrons occurs readily in 
Acinetobacter spp. [14]. 
Members of the genus Acinetobacter play an increas- 
ingly significant role in intensive care units where they 
are associated predominantly with nosocomial pneu- 
monia 115-171. Other opportunistic infections caused 
by Acinetobacter spp., predominantly A. baumannii, 
include bacteremia, urinary tract infections and menin- 
gitis [18]. Such infections are often difficult to treat 
because of the ability of th'ese organisms to become 
resistant rapidly to multipl~e groups of antibiotics, 
including the aminoglycosides and third-generation 
cephalosporins. Since it has been shown previously that 
some of the mechanisms of resistance to these anti- 
biotics may be associated with genes located on extra- 
chromosomal or transposable structures in the chromo- 
some, and that some of the resistance determinants are 
identical to those found in other bacterial genera [19], 
this implies that there is exchange of genetic material 
between strains of Acinetobacter spp. and between 
different genera. The aim of the present study was to 
investigate the possible contribution of integrons to the 
acquisition and spread of antibiotic resistance genes in 
worldwide clinical isolates of Acinetobactev spp. 
MATERIALS AND METHODS 
Bacterial isolates 
In total, 25 multiresistant nosocomial Acinetobacter 
isolates from 15 different locations in 11 countries were 
studied (Table 1). All had been identified previously to 
the genomic species level by the tDNA profile method 
[20], and characterized genotypically [21]. MICs were 
determined by multipoint inoculation onto IsoSensitest 
Agar (Oxoid, Basingstoke, UK) containing doubling 
dilutions ofantibiotic. The MIC was taken as the lowest 
concentration of drug required to totally inhibit growth 
after incubation at 30°C for 18 h. The isolates were 
stored at  -70°C in Skim Milk Powder (Oxoid) 
10% w/v in sterile distilled water and then subcultured 
on to Cystine Lactose Electrolyte Deficient (CLED) 
Agar (Oxoid) and incubated overnight at 30°C before 
further molecular analysis. Positive controls used for 
detection of class 1, 2 and 3 integrons were Escherichia 
coli strain 153 (R388) [7], E. coli strain C600 (R493) 
carrying T n 7  191 and Pserrdomonas aeruginosa strain 
MKAM12 [ l l ] ,  respectively. 
Detection of class 1 and class 2 integrons by hybridization 
Whole cell DNA was extracted from overnight NB 
cultures using DNAzol reagent (Life Technologies, 
Glasgow, UK) according to the manufacturer's instruc- 
tions. Portions (5 pL) of the resulting DNA suspensions 
were applied to Nylon Plus Membranes (Qiagen, 
Crawley, UK) and the DNA immobilized by exposure 
to UV light (120 mJ/cm' at 254nm) in a UV 
Stratalinker (Stratagene, Cambridge, UK) on filter 
paper saturated with lOxSSC (1 XSSC is 150 mM 
sodium chloride, 15 mM sodium citrate (pH 7.0)). 
Class 1 and class 2 integron structures were 
detected in the whole cell dot blots by hybridization 
with biotin-labeled probes int21 and int7 (Table 2), 
specific for the in t I l  and i n f I2  integrase genes, 
respectively. Positive hybridization results were detected 
with the BluGene Nonradioactive Nucleic Acid 
Detection System (Life Technologies), with prehybrid- 
ization, hybridization and detection conditions as 
recommended by the manufacturer. 
Release of genomic DNA and mapping of the class 1 
integron insertion regions by the polymerase chain 
reaction (PCR) and Hinfl digestion 
Total genomic DNA was released from bacteria by 
resuspending a loopful of culture in 50 pL of sterile 
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Table 2 Oligonucleotides for F‘CR analysis of integrons and hybridization experiments 
Primer or probe Nucleotide sequence (5’ to 3’) Reference 
int21 CCTGGCTTCAGGAGATCGGAAGACCTCGGC Sundstrom and Skold [22] 
int7 GCGATATTGATTATATCCCTGCAAGCAAGCAAGC Sundstrom and Skold [22] 
5’CS GGCATCCAAGCAGCAAG Livesque et al 1231 
3’CS AAAGCAGACTTGACCTGA Lkvesque et al I231 
aac(3)-Ia AGCCXGCATGGATTTGA Wohlleben et al [24] 
aac(3)-IIa CCTCCGTTATTGCCTTC Vliegenthart et a1 [25] 
aac(3)-IVa TCGGCTTTTCGCCATTC Braii et al [26] 
aac(6’)-Ia TAATTGCTGCATTCCGC Tenover et al [27] 
aac(6’)-Ib TGTGACGGAATCGTTGC Tran Van Nhieu and Collatz [28] 
ant(2”)-Ia CCGCAGCTAGAATTTTG Cameron et al [3] 
ant(3”)-Ia TCGATGACGCCAACTAC Hollingshead and Vapnek [29] 
ant(3”)-Ib TCAPiTGACGCTTAGCAC Tait et al [30] 
tem GGCGTCAACACGGGATA Sutcliffe [31] 
tetB CAAPACTTGCCCCTAAC Hillen and Schollmeier [32] 
tetC GTTGAAGGCTCTCAAGG Sutcliffe [31] 
dhfrI AGCTGTTCACCTTTGGC Simonsen et al [33] 
L2 GACGATGCGTGGAGACC Sallen et al [34] 
Heikkila et al [35] INT72 GCACTCCATGGAATATCCAGGGCCATTCCCG 
INT74 GCTTGCTTGCAGGGATATAATCAATATCGC Heikkila et al [35] 
INT75 TGCCCTGCGTAAGCGGGTGTGGGCGGACA Heikkila et al [35] 
INT3L GCAGGGTGTGGACGAATACG Senda et a1 [ I l l  
INT3R ACAGACCG AGAAGGCTTATG Senda et a l  [ l l ]  
water and heating at 95” C for 15 min. The crude DNA 
suspension was cooled on ice, diluted 1:lO with sterile 
distilled water, centrifuged for 1 min in a microcentri- 
fuge at 12000 g, and stored .it -20°C until required. 
PCRs for detection of the hot-spot insertion 
regions of class 1 integrons were performed with the 
primers 5’CS and 3‘CS [23] (Table 2; Figure 1A). AU 
primers were custom-synthesized by Oswel DNA 
Service (Southampton, UK). Indwidual reaction mix- 
tures (25 pL) contained 1 XPCR buffer (Promega, 
Southampton, UK), 200 JAM dNTPs (Boehringer 
Mannheim, Lewes, UK), 1.5 mh4 MgC12, 0.6 U Taq 
polymerase (Promega), 2.5 pmol of each primer and 
5 pL of DNA extract. The amplification profde was as 
described previously [23]. Amplified DNA products 
were separated on agarose 1.5% w/v gels, stained with 
ethidium bromide, visualized on a W-transilluminator 
and photographed. 
For class 1 integron mapping, the content and 
order of any antibiotic resistance genes inserted 
between the conserved segments in the integrons were 
determined by taking initial PCR products, purified 
using the Wizard PCR Preps. DNA Purification System 
(Promega), and performing a second round of PCR 
with primers targeted at the beginning of a possible 
inserted resistance gene (Table 2) in combination with 
the primer for the 5’ conserved segment (5’CS), under 
the same conditions. 
Class 1 integrons lacking inserted material were 
sought using the 3’CS primer and primer L2 (Table 2; 
Figure 1A). Amplification parameters were those 
described previously [34]. 
Portions (25 pL) of the primary PCR products 
were incubated at 37°C for 1 h with 10 U of H i d  
(Boehringer Mannheim) in the buffer recommended 
by the manufacturer. The digestion products were 
separated by electrophoresis on agarose 1.5% w/v gels 
and visualized as before. 
Detection of class 2 integrons 
Primers INT72 and INT74 (Table 2) were used to 
detect the dhjIu  gene in Tn7-type structures (Figure 
1B) as described previously [35]. 
The Expand Long Template PCR System (Boeh- 
ringer Mannheim) contains therrnostabie Tag and I;”uto 
polymerases and is designed to give a high yield of PCR 
product up to 40 kb in size from genomic DNA. It was 
used with primers INT74 and INT75 (Table 2), accord- 
ing to the manufacturer’s instructions, in an attempt to 
amp& the complete Tn7 structure. The amplification 
protocol was: 2 min at 9 4 T ,  followed by 10 cycles of 
94°C for 10 s, 55°C for 30 s, and 68°C for 15 min, 
followed by 20 cycles of 94°C for 10 s, 55°C for 30 s, 
and 68°C for 15 min, with cycle elongation of 20 s for 
each cycle. Samples were resolved on agarose 0.5% w/v 
gels and were visualized and photographed as before. 
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Figure 1 Scheme for PCR detection and mapping of class 1 and 2 integron structures. (A) Primers 5'CS and 3'CS are 
specific to the 5' and 3' conserved segments of class 1 integrons, respectively. For PCR mapping the 5'CS primer and 
primers located at  the extremities of possible inserted resistance genes (Table 2) were used. Primer L2 was used additionally 
to detect 'empty' integrons. (B) Primers INT72 and INT74 were used to detect the d h z b  gene in the class 2 Tn7-type 
integron structure. INT74 and INT75 were used to amplify the complete Tn7 structure. 
Detection of class 3 integrons 
Primers INT3L and INT3R (Table 2) were used to 
detect the i d 3  integrase gene. The amplification pro- 
file used was that described previously [ll]. Amplific- 
ation products were resolved on an agarose 1.5% w/v 
gel and visualized and photographed as before. 
Determination of the genetic location of integrons by 
pulsed-field gel electrophoresis (PFGE) and hybridization 
Intact chromosomal and plasmid DNA was prepared in 
agarose plugs treated by the method of Curran et al[36]. 
For electrophoresis, small pieces were cut from the 
plugs and sealed in the wells of an agarose 1.2% w/v 
gel in 0.5xTBE buffer (1 xTBE is 89 mM Tris 
borate, 89 mM boric acid and 2 mM EDTA). DNA A 
ladder size standards (0.05-1 Mb; Bio-Rad, Heme1 
Hempstead, UK) were sealed in the wells of adjacent 
lanes. The gel was then placed in the electrophoresis 
chamber of a CHEF-DRII apparatus (Bio-Rad) in 
0.5xTBE, with electrophoresis at 200 V for 23 h with 
an initial pulse time of 0.5 s and final pulse time of 
90 s. After 21 h, the gel was stained in ethidium 
bromide for 45 min, destained in deionized water for 
20 min, visualized and photographed. 
DNA was transferred from the pulsed-field gels to 
Nylon Plus Membranes by Southern blotting of the 
agarose gel and subsequent immobilization of the DNA 
[36]. Hybridization, as described above, was carried out 
to identify the presence of class 1 integrons and 
associated genes on either the main intact chromosomal 
band or on plasmid DNA bands generated from the 
isolates. 
Conjugation technique 
The membrane filter technique [37] was used to 
determine whether antibiotic resistance genes could be 
transferred from the clinical isolates to the rifampicin- 
resistant strain E. coli K12 J53.2 and a rifampicin- 
resistant mutant of the type strain of A. baumannii 
ATCC 19606. Selection was made on IsoSensitest agar 
containing the following antibiotic concentrations 
(mg/L): rifampicin 50, plus one of amikacin 10, ampi- 
cillin 100, cefotaxime 5, cefuroxime 100, chloram- 
phenicol 25, gentamicin 10, imipenem 5, kanamycin 
10, streptomycin 100, tetracycline 10, tobramycin 10 
or trimethoprim 10. 
The frequency of conjugation was calculated as the 
number of transconjugants per recipient cell. 
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RESULTS 
Detection and mapping of class 1 integrons 
Hybridization showed class :I integron structures to be 
present on the chromosome of 17 of the 25 clinical 
Acinetobacter isolates. No plasmid-associated integrons 
were found. For each isolate that gave a positive 
hybridization result, PCR amplification with primers 
for the 5’ and 3’ conserved segments of the class 1 
integrons confirmed the presence of cassettes in the 
integron hot-spot insertion regions. Each of these 
isolates yielded a single PCR product of between 0.7 
and 3.9 kb (Figure 2A; Table 3 ) .  
An alternative primer (L2) for the 5’ end of the 
conserved irzt gene was used with the 3’CS primer to 
M a b C 
detect any integrons that did not contain inserted genes 
or had nucleotide changes at the initial primer 
annealing sites. With these primers, no product of the 
predicted 440-bp size was detected, indicating that 
none of the isolates contained ‘empty’ class 1 integrons. 
Hinfl digestion of PCR products 
Restriction endonuclease fingerprinting of the PCR 
products with HinfI was used to ascertain whether 
amplified variable regions of the same size had the same 
genetic content. Six different fingerprint patterns were 
obtained and designated a-f (Figure 2B; Table 3). The 
fingerprints of the CWl and CW14 integrons were the 
same and differed from that of the CW5 integron by 
the addition of a 400-bp fragment. The 0.7-kb and 
d e f 
(4 
M a b C d e f 
Figure 2 Class 1 integrons detected by PCR in isolates of Acinetobacter spp. (A) Examples of the different integron size type 
(a-f) obtained. Lane M, 100-bsp DNA ladder (Promega). (B) HinfI digestion fingerprints of PCR products belonging to the 
different size types (a-f). Lane M, 100-bp DNA ladder (Promega). 
Table 3 Genes detected withiin the class 1 integron structures 
Size of variable region Gene present in 
Integron between 5 ’CS and 3 ’CS integron (detected by 
tYPe Isolate primers (kb) PCR) 
a cw1, c w 1 4  2.9 aar(3)-Ia + ant(3‘7-la 
b cw5 2.5 aac(3j-la + ant(3”)-la 
d CW27, CW28, CW31 1.6 aac(3)-la + ant(3”j-la 
e A16, D1, D2, ESP77, I133 0.7 ant(3“)-la 
f ESP41 1.6 ant(3 ”)-la 
C - CW11, CW12, CW13, CW20, CW22 0.7 
Size of PCR 
products 
(kb)” 
2.2 + 3.9 
0.2 + 1.2 
0.2 + 1.2 
0.1 
0.7 
“PCR products were produced by the integron mapping procedure described in the Methods section 
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I 0.65kb I 
5' Conserved segment aac(3)-Ia ant(3")-Ia uc 3' Conserved segment 
I I  I 0.65kb I I 
I I 
5' Conserved segment aac(3)-Ia ant(Y')-Ia 3' Conserved segment 
I I  1 0.65kb 
1 I 
1.2 kb 
8 
5' Conserved segment ant(Y')-Ia 3' Conserved segment 
1 I 0.65kb I 
I 1  I 
0.1 kb e 
+--aurh, 
5' Conserved segment uc ant(3")-Ia uc 3' Conserved segment 
I I 0.65kb I - I I I  
4 1.6kb b 
(E) 
Figure 3 Predicted structures for type I integrons found in Adnetobacter spp. (A) Type a integron. (B) Type b integron. (C) 
Type d integron. (D) Type e integron. (E) Type f integron. Sizes shown with arrowheads are those detected by PCR analysis 
of the integron structures (Table 3) .  Other sizes shown are taken from the literature. 
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1.6-kb products had two hlfferent restriction patterns 
each. On the assumption that integron inserts giving the 
same restriction pattern type contained the same gene 
cassettes, a representative of each restriction pattern was 
selected for further study. 
Mapping of class 1 integrons 
The ant(3")-Ia gene was found between the conserved 
segments of the integrons of all types except type c 
(Table 3). The aac(3)-la gene was identified in types a, 
b and d, but none of the other antibiotic resistance 
genes tested were found in any of the integron 
structures. The sizes of the bands obtained were used 
to partially map the integrcm structures (Figure 3). In 
the type a integron (Figure 3A), the aac(3)-Ia and 
ant(3 ")-la genes were positioned centrally, with a 
possible two or three additional cassettes containing 
uncharacterized genes. The type b integron (Figure 3B) 
contained the ant(3 ")- la  and the aac(3)-Ia genes 
centrally, with a hrther unidentified cassette at  the 3' 
end, while the type d integirons (Figure 3C) contained 
only aac(3)-Ia and ant(3")-Ia. This was also found to be 
the case for the integron structure isolated from 
ESP41(Figure 3E), except that the gene cassette at the 
5' end could not be identified. Type e integrons (Figure 
3D) contained the ant(3")-la gene only. 
Detection of class 2 and class 3 integrons 
To detect the presence of intI2, hybridization of the 
whole cell dot blots with a probe specific for the 
integrase-like ORF of the transposon was used. Isolate 
A16 was the only clinical isolate that gave a positive 
hybridization result. This isolate also had the highest 
level of resistance to trimechoprim (Table l), but the 
int12 gene could not be unequivocally located by 
hybridization to either chromosomal or plasmid DNA 
following PFGE. The distance between intI2 and a 
possible dhjIa gene in A168 was found by using PCR 
with primers for these genes. An amplicon of 700 bp 
was produced. However, when attempts were made to 
amplie the complete Tn7 structure from int12 to the 
right end of Tn7 in A16 with the Expand Long 
Template PCR System, no product was visuahzed. 
PCR using primers specific for the intl3 gene was 
used in an attempt to detect this class of integron in the 
clinical isolates studied, but no PCR products were 
generated. 
Transfer of antibiotic resistance 
No direct transfer of antibiotic resistance genes from 
the clinical isolates of Acinetobacter spp. to E. coli K12 
J53.2 was demonstrated. However, using the same 
recipient strain of E. coli, mobilization of gentamicin 
resistance occurred from two isolates (Table 4) follow- 
ing introduction of the inc P group broad host range 
conjugative plasmid R751. Transfer of gentamicin 
resistance was always observed, together with strepto- 
mycin resistance and the trimethoprim resistance 
encoded by R75 1. Subsequent re-transfer experiments 
showed that transfer of gentamicin and streptomycin 
resistance occurred at the same frequency as the 
trimethoprim resistance encoded by R751, indicating 
that transposition or integration of the gentamicin and 
streptomycin resistance genes into R751 may have 
occurred (results not shown). 
Isolates CW1, CW5 and CW14 also transferred 
gentamicin and streptomycin resistance directly to the 
rifampicin-resistant mutant of A. batrmannii ATCC 
19606 (Table 5). Simultaneous transfer was always 
observed. In addition, gentamicin and streptomycin 
resistances could be mobilized with R75 1 from isolates 
CW27, CW28 and CW31. 
DISCUSSION 
Class 1 integron structures were the most common class 
of integron within the collection of isolates and were 
detected in 68% of clinical isolates of Acinetobacter spp. 
included in the study. A previous study identified 
integron hot-spots in 59% of strains from six species of 
Enterobacteriaceae isolated in 1 month in a single 
French hospital [34]. The current work has shown that 
these genetic elements are also common in Acinetobacter 
isolates collected from diverse locations, as has been 
previously demonstrated in other bacteria [l  13. Each of 
the 17 isolates contained only one integron, although 
Table 4 Mobilization of antibiotic resistance by plasmid R751 from clinical isolates of A. baumannii to E. Cali K12 753.2 
Donor Selection Resistances co-transferred Transfer frequency" 
CWl Gentamicin + rifampicin - <1.6x lo-' 
CW1 (R751) Tri,methoprim+rifampicin - 
c w 5  Gentamicin+rifampicin - <2.1 x 10-9 
CW5 (R751) Tr imethoprim+rifampicin - 1.6X 
CW5 (R751) Gcntamicin +rifampicin Streptomycin, trimethoprim 4.4x 10-6 
4.6 x 
CW1 (R751) Gentamkin+ rifampicin Streptomycin, trimethoprim 2.4X 
'Transfer frequencies were calculated as the number of transconjugants per recipient cell. 
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Table 5 Transfer and mobilization of antibiotic resistance from clinical isolates of An'netobacter spp. to A. baurnannii ATCC 
19606 
Isolate Selection Resistances co-mnsferred/mobilized Transfer fiequencyl 
Direct transfer: 
c w 1  Gentamicin+rifampicin Streptomycin 2 . 4 ~  
c w 5  Gentamicin+ rifampicin Streptomycin 4 . 4 ~  
CW14 Gentamicin+ rifampicin Streptomycin 3 . 2 ~  low3 
CW27 Gentamicin+rifampicin - 7 . 5 ~ 1 0 ~ ~  
Mobilization: 
CW27 (R751) Trimethoprimf rifampicin - 5 . 6 ~  10-3 
CW28 Gentamicin+ rifampicin - 2 . 4 ~  
CW28 (R751) Trimethoprim+ rifampicin - 1 . 4 ~ 1 0 - ~  
CW31 Gentamicin+ rifampicin - 5 . 4 ~  10-9 
CW31 (R751) Trimethoprim+rifampicin - 6 . 5 ~  10-3 
Gentamicin+rifampicin Streptomycin, trimethoprim 4 . 7 ~  10-4 
Streptomycin, trimethoprim 4 . 8 ~  Gentamicin + rifampicin 
Gentamicin + rifampicin Streptomycin, trimethoprim 8 . 9 ~  
Transfer fiequencies were calculated as the number of transconjugants per recipient cell. 
some strains of Enterobacteriaceae have been identified 
which contained two separate elements [34]. The 
integrons varied in size, but the same structures were 
found in genotypically distinct isolates fkom different 
worldwide locations. 
Although only aminoglycoside genes were identi- 
fied by the PCR mapping technique, these would seem 
to be the predominant genes coding for antibiotic 
resistance found within integrons [ 2 ] .  No specific 
resistance gene cassettes were identified in the type c 
integron. This is not surprising, since this integron was 
present in isolate CWl2, which was relatively sensitive 
to most of the antibiotics tested (Table 1). The ant(3")- 
Ia gene, coding for streptomycin and spectinomycin 
resistance, was by far the most common gene identified 
in all the integrons found, apart from type c. This gene 
is hlghly associated with class 1 integron structures [2].  
The only other gene to be identified was aac(3)-Ia, 
which has also been found previously in integrons of 
this class [2, 231. A number of the integrons detected 
contain unresolved DNA inserts, and DNA sequencing 
will be required to fully characterize and confirm their 
genetic content. 
It has been suggested previously that integron 
structures make an important contribution to antibiotic 
resistance dissemination in the clinical setting [ 2 ] .  
However, stable insertion of aminoglycoside resistance 
gene cassettes has also been reported at secondary 
insertion sites external to integron structures [38], and 
this phenomenon could account for the non-integron- 
associated resistance observed with isolate CW13 
(Tables 1 and 3). Nevertheless, the present study suggests 
that integrons do play a significant part in resistance 
gene acquisition in Acinetobacter spp., but that their 
potential for transfer to other organisms is limited. The 
integron-associated genes contained in isolates CWl 
and CW5 were the only ones capable of mobilization 
into E. coli and direct transfer to the type strain of A. 
baumannii. In addition to CW1 and CW5, the integron 
in isolate CW14 (the same as that in CWl) also 
transferred to A. baumannii in the presence of R751. 
All of the type d integrons could only be transferred to 
A. baumannii. The integrons probably entered these 
isolates on plasmids and were subsequently transferred 
to the chromosome, since probes for all the genes 
identified on these structures hybridized with chromo- 
somal DNA following PFGE. The precise mechanism 
of direct transfer between strains of Acinetobacter seen 
with the integrons from CW1, CW5 and CW14 has 
not yet been determined. 
Tn7-related integron structures, active in inte- 
gration and deletion of resistance gene cassettes, have 
been found previously in Acinetobacter spp. [14]. Only 
one clinical isolate, A16, was found to contain a class 
2, Tn7-like integron structure in the present study. This 
is not surprising since this was the only isolate to have 
a trimethoprim MIC of >lo00 mg/L. High level 
trimethoprim resistance was not demonstrated in any 
of the other isolates. However, the entire integron 
structure could not be amplified when using primers 
for the right end of the integron and the integrase gene. 
Heikkila et al found that 18% of E. coli isolates which 
contained dhj1  and the tnsC (Tn7-specific) genes did 
not hybridize with the probe that detected the end of 
Tn7 and the attachment site [35]. They suggested that 
these isolates carried Tn7 inserted either into a 
modified chromosomal attachment site or into random 
sites of the chromosome. It has been shown previously 
that nucleotide sequences required for transposition 
may lie at some distance from the point of attachment 
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and can be altered with no loss of transposition 
efficiency [39]. The results obtained with the class 2 
integron in A16 may also be explained with these 
factors in mind. Another possible explanation is that 
the primer used to amplift ithe complete integron was 
specific for the end of the Tn7-like structure and the 
attachment site in E. coli. It is possible that the attach- 
ment site in Arinetobacter spp. is different from that in 
E. roli. 
In conclusion, clinical isolates of Acinetobacter spp. 
from diverse locations seem to have acquired their 
resistance mechanisms from other genera by a variety 
of mechanisms, including dissemination of integrons. 
Once these are incorporated into the bacterial genome, 
Acinetobarter spp. are sometimes able to transfer integron- 
associated resistance genes to other species of Acineto- 
bacter, but the capacity for intergeneric transfer seems 
to be more limited. Nevertheless, under certain cir- 
cumstances, it seems that multiresistant nosocomial 
isolates of Arinetobacter spp. may have the genetic 
capacity to act as a reservoir of integron-associated 
antibiotic resistance genes for more pathogenic species 
of bacteria found within the hospital environment. 
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